The Demirjian methods to determine dental age are based on analysis of orthopantograms. The dental age estimation is based on establishing the tooth development stages. The purpose of this study was to assess the accuracy of estimation of dental age by Demirjian in the use of all of his four methods. 505 Czech healthy boys and girls aged 3 to 18 years were examined radiographically at the
Introduction
With the global migration of whole families, it is nowadays important to determine the actual chronological age (CA) of people for various reasons, chiefly to determine the actual CA of children applying for asylum. There are various means of estimating the chronological age of children, for example skeletal (Greulich and Pyle, 1959; Serinelli et al., 2011) . In the opinion of Finnish authors Jaasaari et al. (2012) , dental development is less affected by environmental issues than skeletal maturation, and for this reason the determination of dental development is more accurate for the estimation of CA than of skeletal development. Therefore the dental age (DA) is preferred for the estimation of CA in children. Knowledge of dental age significantly helps in determining endocrinologic diagnoses in children and in planning of orthodontic treatments. DA can also be used to determine the CA of unidentified dead bodies (Feijóo et al., 2012b) . DA determination is based on evaluation of teeth development.
There are many methods (Someda et al., 2009; Guo et al., 2012) by different authors -Mincer (Pechnikova et al., 2011) , Pyle (Varkkola et al., 2011) , Greulich (Santoro et al., 2012) -they differ in the evaluation criteria. Demirjian et al. (1973) methods are the most commonly used worldwide; they evaluate orthopantomograms (OPG) (Figure 1 ) and development of the evaluated teeth based on eight stages A-H of mineralized dental tissues and closure of the apex (Figure 2 ). Development is calculated based on a score given to each tooth. The dental maturity score is the sum of the individual tooth scores and is subsequently converted into dental age. 
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Prague Medical Report / Vol. 116 (2015) No. 2, p. 139-154 Demirjian et al. (1973) carried out a study of somatic, mental and sexual indicators of maturity on a representative sample of the French-Canadian population at the Montreal Human Growth Research Center. They came to conclusion that development of permanent dentition appeared to be the most stable process with regard to the determination of CA (Rozkovcova et al., 2012) .
If necessary, in the absence of the left tooth, according to Demirjian et al. (1973) , the values of the corresponding tooth on the right can be substituted for the values of the left tooth. Separate evaluations were made for groups of girls and boys, as there is, according to Demirjian et al. (1973) , a difference in tooth development. Four various methods have been developed. The first and oldest of the four variants -developed in 1973, is the original method and assesses the dental maturity of the seven lower left permanent teeth. As the degree of symmetry between teeth on the left and right side is known, Demirjian et al. (1973) decided to only use one side, the lower left side. Only when a permanent tooth is missing on the left lower side (extracted, not based) can the corresponding tooth on the other, lower right side be evaluated as a substitute. The next three variants (Demirjian and Goldstein, 1976 ) from 1976 were modifications of Demirjian et al. (1973) . In two cases Demirjian and Goldstein (1976) use only the mature stages of four permanent teeth on the lower left: in the first case M2, M1, PM2, PM1 and in the second M2, PM2, PM1, I1. We reviewed all types of assessment by Demirjian for Czech children and selected the type of rating with the smallest difference and its standard deviation (SD), expressed by certain divergences between CA and DA.
The aim of our study is to determine these differences and SD in Czech children of Caucasian population and to find out which of the four Demirjian methods (Demirjian et al., 1973; Demirjian and Goldstein, 1976) is the most suitable. (Demirjian et al., 1973; Demirjian and Goldstein, 1976) . The distribution of the values detected by all four Demirjian methods for age groups, number of children and dental age and chronological age was calculated in years and months; data for SD, differences in SD and paired p-tests were used. Statistically insignificant deviations were found using Demirjian original 7-teeth method from 1973 (Demirjian et al., 1973) and the Demirjian revised 7-teeth method from 1976 (Demirjian and Goldstein, 1976) . Indicators monitored in different countries according to statements in literature were also compared. A comparison of the SD of children in other countries was further made according to results reported in literature ( Table 1) . Several systemic diseases in children, published in the literature were neurofibromatosis (Jaasaari et al., 2012) , velocardiofacial syndrome (VCFS) (Heliovaara et al., 2011) .
Material and Methods
505 OPGs of children (240 boys and 265 girls) aged 3-18 years were made in the years 2011 and 2012 (Table 2 ). All OPGs were made using the same X-ray device (Gender Orthoralix 9 200. KaVo Dental -Gendex Imaging, Italy), excluding an error in the quality of each image. Children were commonly treated at our clinic (Department of Stomatology, Second Faculty of Medicine, Charles University in Prague), rated X-rays were made for our treated patients -they were indicated for a reason of a dental disease. No X-ray was made only for the purpose of this study. Indications for X-ray examinations were diagnostics and monitoring of the treatment of pathological status. All children belonged to the Caucasian population, were healthy, without congenital anomalies and systemic diseases, were born on time, without significant deformity of lower left teeth, and with no significant differences in their individual social backgrounds. Each X-ray examination is accompanied by ionizing radiation, which is dependent on the type of X-ray apparatus. Parameters of ionizing radiation are minimized if the device that can be calibrated for X-ray examinations of children is used. Success of an X-ray examination of small children depends on the degree of cooperation of the child as well as on the cooperation between the child and the radiologist. There are indications, when it is useful to try to make a radiograph in infants not only for forensic reasons, but also to specify the diagnosis (e.g. fractures of the jaw bones). CA was determined from the date of birth and the date taken from the OPG. CA was calculated in terms of years and months. There are 16 age groups between the ages of 3-18.99. The results for lower-left permanent teeth, except the third molar -from the first appearance of erupted teeth and tooth germs -were evaluated in terms of their development in eight stages, A-H, of mineralized dental tissues and the closure of the apex using Demirjian "Developmental stages of the permanent dentition" table ( Figure 1 ) (Demirjian et al., 1973; Tanner et al., 1997) .
The position of the lower-left teeth was marked in the same order as in the Demirjian methods: second molar M2, first molar M1, second premolar PM2, first premolar PM1, canine C, lateral incisor I2, central incisor I1 (Demirjian et al., 1973) . The M1 mandible left tooth was missing in only four children extracted due to destruction and the corresponding right mandible permanent teeth were therefore evaluated instead. Dental age was established using all four types of evaluation:
Demirjian original 7-teeth 1973 method (Demirjian et al., 1973) , the revised 1976 teeth method and the two 1976 4-teeth methods (Demirjian and Goldstein, 1976) . CA, DA and SD difference by age category, broken down by gender, is shown in Table 3 for boys and Table 4 for girls, all of which were evaluated using all Demirjian methods. The relationship between dental maturity score and CA is expressed and plotted in the percentile graphs (Demirjian et al., 1973) (Figure 3) . The dental maturity score is the sum of individual teeth scores. Standard tables (Demirjian et al., 1973) were used to calculate dental age from the dental maturity score. All four Demirjian methods were compared and statistically evaluated for average chronological age and its relationship to dental age. Deviation from SD was evaluated using the paired p-test.
A comparison with deviations in various countries was made against results reported in literature ( Table 1 ).
All observations were carried out in accordance with the Helsinki Declaration. Ethical approval for the study was obtained from the Ethics Committee of the Second Faculty of Medicine, Charles University in Prague (Rozkovcova et al., 2012) .
DA was calculated using the score determined using tables of different systems: Demirjian 7-teeth 1973, Demirjian 7-teeth 1976, Demirjian 4-teeth M2, M1, PM2, PM1, Demirjian 4-teeth M2, PM2, PM1, I1 (Demirjian et al., 1973; Demirjian and Goldstein, 1976) , converted to dental age.
Descriptive statistics (mean, SD) were used for statistical evaluation and paired t-test was used to compare deviations of mean values for CA and DA in each age group.
The evaluation was carried out with a significance level of 0.05. Data was processed using statistical functions of MS Excel 2013 and the Data Analysis Toolpack (MS Excel 2013) analytical add-on. (Demirjian et al., 1973; Demirjian and Goldstein, 1976) for age groups, number of children and DA and CA was calculated in years and months; data for SD, differences in SD and paired p-tests are presented in Table 3 for boys and Table 4 
Results
Distribution of the values detected by all four Demirjian methods
Chronological age (CA)
The mean CA for boys was 10.552 years and 11.645 years for girls.
Dental age (DA)
Estimated DA can be overestimated or underestimated (Demirjian et al., 1973; Sang-Seob et al., 2011) and the mean deviation of DA from CA varies (Table 5) . DA is overestimated by all Demirjian's methods in girls, and by two methods in boys -Demirjian 4-teeth PM1 and Demirjian 4-teeth I1 (Demirjian and Goldstein, 1976) . Results are the same in the two residual methods. SD occurs with only two methods in girls -Demirjian 4-teeth PM1 and Demirjian 4-teeth I1 (Demirjian and Goldstein, 1976) .
Difference DA-CA Accuracy of each method is expressed by the difference between DA and CA. SD and the paired t-test were monitored. A comparison was made of results for boys and girls. There were varying degrees of difference for each age group (Tables 3 and  4 ) and varying sizes (Table 6) .
Percentile chart
The percentile chart clearly shows that the relationship between dental maturity scores and children age is not linear (Figure 3 ). This can be more easily observed in the graph than in the tables.
Different countries
Indicators monitored in different countries according to statements in literature are compared in Table 1 .
Discussion
All four Demirjian methods were used, being practical and simple. Demirjian methods were based on analysis of OPG (Demirjian et al., 1973; Demirjian and Goldstein, 1976) . DA estimation was based on establishment of 8 teeth development stages; assessment is based on evaluation of the OPG. It was important to obtain reliable results that evaluated the OPG of the same persons in order to eliminate subjective deviations. The mean CA was 10.552 years for boys and 11.645 years for girls. Spanish literature gives a mean age of 9.2 for both genders (Feijóo et al., 2012a) .
Conversion of the dental maturity score of each subject using Demirjian standard tables for children in the two age groups from 16-18 years is not quite accurate. Demirjian evaluates children only at 16 years of age (Demirjian et al., 1973) . In the Czech Republic, children are considered adolescents up to their eighteenth birthday, a fact which must be respected if the results of forensic tests are to be used. Conversion was performed according to Demirjian tables (Demirjian et al., 1973) . Nur et al. (2012) show overestimation of estimated DA against actual CA in both genders, and our results show overestimation for all Demirjian's methods (Demirjian et al., 1973; Demirjian and Goldstein, 1976) in girls, and in two methods -Demirjian 4-teeth PM1 and Demirjian 4-teeth I1 -in boys, with the same results in the two residual methods (Table 5 ). There was a mean paired t-test difference greater than 0.05 in all four Demirjian methods for boys and in two Demirjian methods for girls -Demirjian 4-teeth PM1 and Demirjian 4-teeth I1 -no group was therefore of statistical significance; however, Demirjian 4-teeth PM1 method and Demirjian 4-teeth I1 method were significant in girls (Table 5) .
The different values (Tables 3 and 4) in children's teeth development according to the estimation of DA based on maturity of tooth germs (Demirjian et al., 1973) are influenced by nutrition, climate and social and economic conditions (Burt et al., 2011) .
Accuracy of each method is expressed as the difference between DA and CA. Variety between DA and CA is expressed by the difference between DA and CA and can have a positive or negative value (Demirjian et al., 1973) (Table 5) . Accuracy of the estimated DA is expressed as the value of the SD difference. The estimated DA in our groups of children is the least accurate in the youngest and the oldest age groups; Sang-Seob et al. (2011) also indicates this. This explains the small number of 3-year-olds, and the peculiarities in the conversion of dental maturity in 16-18-year-olds.
No records at all exist of deviations from DA estimates caused by systemic diseases; children's overall health status must be taken into account.
In the event of neurofibromatosis type 1 (Jaasaari et al., 2012) , dental development is more accurate for the purposes of estimating CA than skeletal development. In this case, skeletal maturation is affected, while dental development is standard. Dental maturity is never delayed in children with VCFS (Heliovaara et al., 2011) .
Conclusion
Dental age estimation in children is based on the establishment of stages of tooth development. It is important to thoroughly examine, clinically and with X-ray, the real age of children from the viewpoint of pediatric dentistry and also pediatrics as a whole. Based on our results, Demirjian methods -original 7-teeth 1973 and Demirjian revised 4-teeth 1976 (Demirjian et al., 1973; Demirjian and Goldstein, 1976 ) -appear to be the best methods for calculating the DA of healthy Czech children of both genders. The mean of paired t-tests for difference between DA and CA showed no statistically significant SD in either gender.
